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THREE-PHASE-TWO-PHASE STATIONARY
TRANSFORMER WITH FORCED LINKED
FLUX

BACKGROUND OF THE INVENTION

The present invention relates to the general field of trans-
formers. In particular, the invention relates to a three-phase-
two-phase stationary transformer with forced linked flux.

In certain situations, it may be necessary to transfer energy
in balanced manner from a three-phase source to a two-phase
source. Three-phase-two-phase stationary transformers are
known, and in particular one that is said to be “Scott-con-
nected”, and another that is said to be “Leblanc-connected”.

A Scott-connected transformer makes use of two single-
phase transformers. The first has its n, turn primary connected
between terminals A and B of the three-phase network. The
primary of the second transformer has n,' turns and it is
mounted between terminal C of the three-phase network and
the midpoint M of the primary of the first transformer. The
two secondary phases both have the same number n, of turns.
The primary voltages are in quadrature, and the same thus
applies for the secondary voltages. To ensure that the second-
ary voltages have the same value and are in quadrature, it is
necessary for:

n,'=V3n,/2

The Scott connection presents several drawbacks. The
magnetic circuits of the two single-phase transformers
present considerable weight and bulk. Furthermore, the wind-
ings of the two transformers need to be different on the
three-phase side since they do not have the same numbers of
turns. Since the numbers of turns for the three-phase phases
are different, the sections of the electrical conductors need to
be different in order to guarantee balanced resistances for
each of the phases. A star connection is required and it is
therefore not possible to act on the voltage ratios with a delta
connection or a zigzag connection. Finally, no advantage can
be taken of the positive coupling of phases in a three-phase
transformer with forced linked flux, which coupling makes it
possible to reduce the magnetizing current needed.

The Leblanc connection uses a magnetic circuit with three,
four, or five columns. In a three-column magnetic circuit, the
transformer is a forced linked flux transformer, thus making it
possible to limit the magnetizing current.

The Leblanc connection also presents drawbacks. The
windings of the phases on the two-phase side need to be
different since they do not have the same numbers of turns.
The windings on the two-phase side are distributed on the
three columns in non-symmetrical manner, thereby giving
rise to different leakage inductances. Since the numbers of
turns in each of the phases on the two-phase side are different,
it is necessary to use electrical conductors of different sec-
tions in order to balance the resistances of each of the phases.

There thus likewise exists a need for an improved solution
enabling energy to be transferred in balanced manner from a
three-phase source to a two-phase source.

OBIJECT AND SUMMARY OF THE INVENTION

The invention provides a three-phase-two-phase trans-
former comprising a magnetic circuit, three-phase windings,
and two-phase windings, wherein:

the magnetic circuit comprises a first column, a second
column, and a third column that are magnetically connected
together; and
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the three-phase windings comprise a first winding of n,
turns around the first column, a second winding of n, turns
around the second column, and a third winding of n, turns
around the third column;

the transformer being characterized in that:

the two-phase windings comprise a fourth winding of n,
turns around the first column, a fitth winding of n', turns
around the first column, a sixth winding of n, turns around the
third column, and a seventh winding of n', turns around the
third column;

the fourth winding and the seventh winding are connected
in series and form a first two-phase phase, and each of the
fourth and seventh windings presents a corresponding wind-
ing direction for a current flowing in the first two-phase phase,
with magnetic potentials in the same direction; and

the fifth winding and the sixth winding are connected in
series and form a second two-phase phase, and each of the
fifth and sixth windings each presents a corresponding wind-
ing direction for a current flowing in the second two-phase
phase, with magnetic potentials in the same direction.

On the three-phase side, the transformer presents a struc-
ture comparable to that of a three-column Leblanc type trans-
former. Thus, compared with using two single-phase trans-
formers, it makes flux coupling possible, thereby enabling the
weight and the volume of the magnetic circuit to be reduced
and limiting magnetizing current. Furthermore, since both
phases on the two-phase side present the same numbers of
turns (namely n,+n',), there is no need to use conductors of
different sections for balancing resistances.

In an embodiment, n,=(2+V3)n’,.

For a ratio n,=(2+V3)n',, the transformer makes it possible
to obtain voltages on the two-phase side that have the same
value and that are in quadrature.

In an embodiment, the second column is a central column
situated between the first column and the third column. Under
such circumstances, the three-phase windings and the two-
phase windings are arranged symmetrically on the side col-
umns, thereby enabling leakage inductances to be balanced.

In another embodiment, the first column is a central col-
umn situated between the second column and the third col-
umn.

Preferably, the magnetic circuit presents symmetry about
an axis of rotation contained in the central column and/or
about a plane of symmetry containing said central column.

Because of the symmetry of the magnetic circuit, of the
three-phase windings, and of the two-phase windings, the
phase inductances and the resistances are balanced.

In an embodiment, transformer also has at least one addi-
tional set of three-phase windings or of two-phase windings.

The transformer then makes it possible to power in bal-
anced manner an arbitrary number of loads other than 1.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the present inven-
tion appear from the following description made with refer-
ence to the accompanying drawings, which show embodi-
ments having no limiting character. In the figures:

FIG. 1 shows a transformer in a first embodiment of the
invention;

FIGS. 2 and 3 are electrical circuit diagrams showing the
operation of the FIG. 1 transformer;

FIG. 4 is a phasor diagram shown the currents in the FIG.
1 transformer;

FIG. 5 shows a transformer in a second embodiment of the
invention;
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FIG. 6 is an electrical circuit diagram showing the opera-
tion of the FIG. 5 transformer; and

FIGS. 7 and 8 are perspective views of respective three-
column magnetic circuits that can be used for making a trans-
former in accordance with the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 is a face view of a transformer 1 in an embodiment
of the invention. The transformer 1 is a three-phase-two-
phase stationary transformer with forced linked flux.

The transformer 1 comprises a magnetic circuit 2, three-
phase windings, and two-phase windings. In the description
below, the three-phase windings correspond to the primary of
the transformer 1 and the two-phase windings correspond to
the secondary transformer 1. Nevertheless, an inverse mode
of operation is entirely possible.

The magnetic circuit 2 comprises three columns that are
magnetically connected together: a side column 3, a central
column 4, and a side column 5; the columns being connected
together by bars 13. The magnetic circuit 2 is symmetrical
about an axis of rotation contained in the central column 4,
and/or about a plane of symmetry containing the central col-
umn 4.

The three-phase windings comprise a winding 6 around the
side column 3, a winding 7 around the central column 4, and
a winding 8 around the side column 5.

The two-phase windings comprise a winding 9 and a wind-
ing 10 around the side column 3, and a winding 11 and a
winding 12 around the side column 5.

In FIG. 1, the windings 9, 10, and 6 are shown one beside
another along the central column 3, however any other posi-
tioning is possible. The same comment applies to the wind-
ings 11, 12, and 8.

FIG. 2 is an electrical circuit diagram of the transformer 1
of FIG. 1.

Each of the three-phase windings 6, 7, and 8 presents n,
turns. In the embodiment shown, they are star connected.
Nevertheless, any other connection configuration is possible:
delta, zigzag, . . . . The currents flowing respectively in the
windings 6, 7, and 8 are written 1, I, and I_. The winding
direction of each winding 6, 7, and 8 is represented by a black
dot. Same-direction currents 1, I,, and I, correspond to
same-direction magnetic potentials in the columns 3, 4, and 5.

For the two-phase side, the winding 9 has n, turns and is
connected in series with the winding 12 that has n', turns. The
windings 9 and 12 correspond to a first two-phase phase. The
current and the voltage of the first two-phase phase are written
1, and V,. The winding directions of the windings 9 and 12 are
represented by black dots. For a given current I, the winding
directions correspond to same-direction magnetic potentials
n,l, and n',1, in the columns 3 and 5.

In corresponding manner, the winding 11 presents n, turns
and is connected in series with the winding 10 that has n',
turns. The windings 11 and 10 correspond to a second two-
phase phase. The current and the voltage in the second two-
phase phase are written [, and V,. The winding directions of
the windings 10 and 11 are likewise represented by black
dots. Fora given current I,,, the winding directions correspond
to same-direction magnetic potentials n,l, and n',1, in the
columns 5 and 3. This direction may be the same as the
direction of the magnetic potentials n,]; and n',I, of the first
two-phase phase, as in FIG. 2, or it may be the opposite
direction, as in the circuit of FIG. 3, which shows a variant
embodiment.

On its three-phase side, the transformer 1 presents a struc-
ture comparable to that of a three-column Leblanc type trans-
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former. Compared with using two single-phase transformers,
it thus makes flux coupling possible, thereby enabling the
weight and the volume of the magnetic circuit to be reduced
and enabling the magnetizing current to be limited.

Furthermore, because of the symmetry of the magnetic
circuit, of the three-phase windings, and of the two-phase
windings, the phase inductances and resistances are balanced.

Since both phases on the two-phase side present the same
number of turns (namely n,+n',), there is no need to use
conductors of different sections for balancing resistances.

Furthermore, for a ratio n,=(2+V3)n',, the transformer 1
enables same-value secondary voltages V, and V, to be
obtained in quadrature.

The ratio of the currents is given by:

Ia \/7 np +nh
11 3

ny

The ration of the voltages is given by:

1 nh+m

vz

m

Thus, the transformer 1 acts on the phase difference
between the primary and the secondary, but delivers second-
ary currents I, and 1, that are offset by a phase of +n/2, and
secondary voltages V, and V, that are offset by a phase of
*1/2.

This may be formalized as follows:

1 _ _
Vi=—(mVa+mV,)
ny

- e VT, V)

1 b+ 1 30
_htm (2+\/§+(—— +]§]]Va
2 m \/—\/2+
-7, 1 ny+m 1 + 3+]\/§]
AN /— 2
2. m V32443
v 1 ih+m 1 (\/?+1+j1]
RSN T =\ 2
2. m 2443
-7 n2+n2(\/2+ \/2—\/?]
Vo= 3
:VaLnﬂ'"zel’ﬁ
2 m
Thus giving:

1 mh+n, ;7
277 in

Ve
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For V,, the following applies:

Vy=—(mV.+mV,)
11

=BT+ V)

:%nzrznz\/— — [(24.\/— ( g]+1]70
i S o)

_y Lmem 1 ( 1+_[2+\/?]]
V2om o 2 2
1 n’2+n2( 2-v3 ( 2+\/§]]
=Vo— - +i
2 n 2 2
B i
2 m
Thus giving:
VooV T2 i i)
v2oom

Thus, V,=jV, is indeed obtained, i.e. the voltages have the
same value and they are in quadrature.

If the secondary currents are balanced (I,=jI,), then the
ampere-turn compensation on each core for a forced linked
flux transformer of the three-column type shows that the
primary currents are also balanced.

Specifically:
1 I N
(1)ﬂ11A—ﬂlzls—mzk:ﬂzh+ﬂ212—§(ﬂ211—ﬂ212)
N 1_ 1
(1)”11A_”1§18_”1§1C:

. S .
@+ V3l + sy~ 5 (mly + 2+ V3 )il

1 1 1
(1) nil, _”1518_”1216‘ = [(2+ \/—)+]—5(1 +](2+ \/—))] ]

1. 1 1 2+v3
(1) ﬂ11A—ﬂ1218—ﬂ121c— 2+\/?+]—§—] 3 ][nzll]
i} 1. 1. [3 3],
(69) ﬂ11A—”1§13—ﬂlzlc= §+\/?—]T][”211]

Lo
2°¢7

\/2+\/§ +v3

Lo
2°¢7

1
(1) nila —”1513 -

V2+43 _]_\IZ—\/? }[n’?
2 2 211

1
(1) nila —”1513 -

\/2+\/§

_]_\/2—\/?
2

[(n5 +n2)I1]

vz

N 1_ N 1 _ .
(1) nila —ﬂlzls —”IEIC = f[(ﬂ/z +m)l]e” 1z
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-continued
_ 1. 1. 1 [mh+m). ] _;x
DIy —=lp—zle = —|—=1, |71z
(D14 75— 5lc o 1]8
oL S R D
(2)”118—”1§1A—”1§1C:—5(”211—”212)—5(”211+”212)
N 1. N
(2)”118_”1§1A_”1§1C:
1 1 N N
~5 (0 + 24 V3 n) = 52+ V3 )T + )
_ 1 1 1 ] e
(2)”IIB_VHEIA_”IEIC:_z[(l“'](z“'\/?))“'((z“'\/?)4'])][”211]

, 1. 1. 1 ,
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[1+V3 +4(1+ V33111

N 1. 1. 1
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Lo
2°¢7
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22\/2+\/? 2\/2+
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- 1_ 1_
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1| 1+43 _1+\/—
-— [(5 + n2)11]
\/— 22 + 2\/2+
2 ml L L=
()”IB_”IZA_”IZC—
2
1 [ 143 ] Y [ 1+V3 ] o 4 m)T ]
- = - — J - — i, + )iy
V2 \(2y24v3 2W2+43
@ ml L L 1[ [l + )T ]
mlg—n-Is-n-lc=-—|— nh + 1
148 12A IZC \/7 \/— \/— 2 241

S U SR B L
(2) nylp —”1§1A —”1§1C = —l[my +m)li]e’ 3

V2

07 17 17 1 (n’2+n2]7 7j3477r
()B_EA_EC_W m 1le
S T U B
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- 1. _
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B o1 B B
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B 1. 1. 1 B
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L _[ V3 3+243 ] g
8= " tji—— 5 1

1 V342
2T

N 1.
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[my11]

N 1. 1.
3 ﬂllc—ﬂlzlA —”1518 =3

N 1. N
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ﬁm[— ‘2_2\/? +j .,2+2\/? }[nzil]

N 1. N
(3) mlic —”1§1A —”1513 =

1[\/2—\/? N2+3
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[(ny +n2)I1]



US 9,214,272 B2

7

-continued

_ 1. 1. s
(3) ”IIC_”IEIA_”I_IB: ( +mp)l Je™ 1z

1
—=I
27 42
(x|
ny !

To simplify the notations, the following is written:

3) 1 17 17 !
3 C—ﬂlz A—EB—W

P 1 (n’2+n2]
=5

This gives a system of equations in three unknowns 1, I,
and I

B Y
(D 14 =5l = 5lc =kll]e”T2

3

2) g = Ty = Se =kilJe 7T
D Ip-zli=5lc= [Ii]e
() Te = 214 - 2Ty =kiT, 1T
C ) A ) B = 1
Since (1)+(2)+(3) is equal to zero, the system is con-

strained and thus possesses an infinity of solutions. However,
Kirchhoff’s nodal rule (for a delta or a star connection) gives:

LI+ =0

s0 using the above equation, the system becomes:

3 _ s
3 zlc= k[T ]e™1z

_ V2 )+
Tp= 221 )e T
3 ny
\/7 nh+ny 31
Iy = 22 [hle /3
3 ny
- 2 my+ny 7
Ic = £2—2[11]e”’17
3 ny
_ 2 nh+ny T
1= Y2 s
3 ny
V2 iy tn .2
Ig= — 2 d Hle?ze s
3 ny
_ 2 mh+ny ; 21
o= Y2 G it o

3 ny

This is indeed a balanced three-phase system with an offset
of 2mt/3, as shown in FIG. 4, in which the above-mentioned
current ratio can be seen. FIG. 4 is a phasor diagram showing
the three-phase currents and the two-phase currents of the
transformer 1 of FIG. 1.

In known manner, a transformer may have a plurality of
secondaries. Thus, in a variant that is not shown, the trans-
former 1 includes not only the secondary formed by the
windings 9 to 12, but also at least one other two-phase sec-
ondary, and/or at least one three-phase secondary, that may be
implemented in the same manner as used for the windings 9 to
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8

12. In this variant, the transformer 1 can be used for powering
in balanced manner an arbitrary number of loads other than 1.
For example, for eleven loads, it is possible to use respective
three-phase secondaries on nine loads, and respective two-
phase secondaries on two loads: 11=3%*3+2.

FIGS. 5 and 6 are similar to FIGS. 1 and 2 respectively, and
they show a transformer 20 in a second embodiment of the
invention. Elements that are identical or similar to elements of
the transformer 1 of FIG. 2 are given the same references and
are not described again in detail.

In the transformer 20, the positions of the windings 6, 9,
and 10 and the position of the winding 7 are inverted relative
to the transformer 1: the windings 6, 9, and 10 surround the
central column 4 and the winding 7 surrounds the side column
3. Apart from this difference, the transformer 20 is substan-
tially identical to the transformer 1.

The transformer 20 presents the same above-specified
advantages as the transformer 1. In particular, the transformer
20 presents currents and voltages in phase quadrature. The
above-mentioned current and voltage ratios are conserved.
Nevertheless, the transformer 20 no longer has the same
implementation symmetry on its two-phase side, which
means there may be a difference in the leakage inductances of
the two two-phase phases.

In the transformers 1 and 20 of FIGS. 1 and 5, the columns
3, 4, and 5 are situated parallel to one another in a common
plane, which corresponds to a topology commonly used for a
magnetic circuit when making a balanced three-phase trans-
former with forced linked flux and three cores. Nevertheless,
in a variant embodiment, a transformer in accordance with the
invention may comprise a magnetic circuit having three col-
umns that are magnetically connected together in some other
topology.

Thus, FIGS. 7 and 8 are respective perspective views of
three-column magnetic circuits that can be used for making a
transformer in accordance with the invention. In FIGS. 7 and
8, the same references are used as in FIGS. 1 and 5 for
designating the corresponding elements, without risk of con-
fusion.

The invention claimed is:

1. A three-phase-two-phase transformer comprising:

a magnetic circuit;

three-phase windings; and

two-phase windings, wherein:

the magnetic circuit comprises a first column, a second
column, and a third column that are magnetically con-
nected together,

the three-phase windings comprise a first winding of n,
turns around the first column, a second winding of n,
turns around the second column, and a third winding of
n, turns around the third column,

the two-phase windings comprise a fourth winding of n,
turns around the first column, a fifth winding of n', turns
around the first column, a sixth winding of n, turns
around the third column, and a seventh winding of n',
turns around the third column,

the fourth winding and the seventh winding are connected
in series and form a first two-phase phase, and each of
the fourth and seventh windings presents a correspond-
ing winding direction for a current flowing in the first
two-phase phase, with magnetic potentials in a same
direction,

the fifth winding and the sixth winding are connected in
series and form a second two-phase phase, and each of
the fifth and sixth windings presents a corresponding
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winding direction for a current flowing in the second
two-phase phase, with magnetic potentials in a same
direction, and

n=(2+V3)n'’.

2. The transformer according to claim 1, wherein the sec-
ond column is a central column situated between the first
column and the third column.

3. The transformer according to claim 1, wherein the first
column is a central column situated between the second col- 1,
umn and the third column.

4. The transformer according to claim 2, wherein the mag-
netic circuit presents symmetry about an axis of rotation
contained in the central column and/or about a plane of sym-
metry containing the central column. 15

5. The transformer according to claim 3, wherein the mag-
netic circuit presents symmetry about an axis of rotation
contained in the central column and/or about a plane of sym-
metry containing the central column.

6. The transformer according to claim 1, further compris- ,q
ing at least one additional set of three-phase or two-phase
windings.



